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Kleefstra syndrome (KS) is a rare genetic disorder (prevalence < 1/1 000 000) characterised by autistic spectrum disorder (ASD),
childhood hypotonia, and seizures. A typical facial appearance includes microcephaly, arched eyebrows, synophrism,
hypertelorism, a short nose, midface hypoplasia, prognathism, and tongue protrusion. This case report presents a 19-year-old
female with KS from a dentist’s perspective. The patient demonstrates limited mouth opening with a slight deviation of the
mandible on the left side. The mandibular prognathism and anterior open bite are visible. A generalised inflammatory gingival
enlargement is most likely a response to local irritants like plaque and calculus but is enhanced by the patient’s mouth
breathing habit. Also, the tongue is unusually large—macroglossia. Dental anomalies were diagnosed by digital panoramic
radiograph, including dilaceration of the maxillary left second premolar and taurodontism. The patient was qualified to be
treated under general anaesthesia with multiple extractions, restorations, hygienisation procedures, and tooth remineralisation.
This individual should also be considered for orthodontic treatment and an eventual tongue reduction procedure. In the case
of KS, multidisciplinary cooperation as well as frequent dental check-ups with fluoride prophylaxis are recommended.

Unfortunately, dental treatment is still not an integral part of taking care of disabled children and youth with rare diseases.

1. Introduction

Kleefstra syndrome (KS) is a rare genetic disorder
(prevalence < 1/1 000 000) characterised by autistic spectrum
disorder (ASD), childhood hypotonia, and seizures. KS has a
clinically recognisable phenotype mainly caused by a hetero-
zygous 9q34.3 deletion in the EHMTI gene. A typical facial
appearance includes microcephaly, arched eyebrows,
synophrism, hypertelorism, a short nose, midface hypopla-
sia, prognathism, and tongue protrusion. Its management
requires multidisciplinary cooperation. Differential diagno-
sis should consider such genetic disorders as Down syn-
drome, Smith-Magenis syndrome, Pitt-Hopkins syndrome,
or Angelman syndrome [1].

Following the initial diagnosis, several evaluations of a
proband with KS are recommended, including one to assess

dental issues. This case report presents a 19-year-old female
with KS from a dentist’s perspective.

2. Case Presentation

Proband was diagnosed with KS at age 17. Born in 2004 to
healthy nonconsanguineous parents, a girl was delivered
on time with a birth weight and height average (25™-50™
percentiles) after an uneventful pregnancy. Immediately
after birth, the APGAR score was 8 because of colour and
muscle tone. The newborn had three subdural hematomas
and was overseen by a neurologist at the maternity ward,
where she stayed for five days. Both mother and newborn
were discharged from the hospital as healthy.

The newborn was suspiciously calm and hypotonic but
did not have a feeding or breathing disorder. Her
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paediatrician did not order any testing because her weight
and height were normal during the baby examination from
0 to 12 months.

Around age one, because her developmental milestones
were delayed and she was still hypotonic, the mother con-
sulted another paediatrician. The new physician immedi-
ately suspected a genetic disorder and referred the patient
to a genetic diagnostic centre and to physical therapy. Due
to financial situation, the child had only three genetic tests
done throughout the 15 years, which allowed him to exclude
Down syndrome at first, Prader-Willi syndrome at second,
and finally lead to a Kleefstra syndrome diagnosis. The com-
parative genomic hybridisation confirmed the genomic
imbalance involving a ~503 kb terminal deletion of the long
arm of chromosome 9 in region 9q34.3 (EHMT1 and CAC-
NAIB genes) and a ~911 kb terminal duplication of the short
arm of chromosome 3 in region 3p26.3 (CHLI gene).

Comparing one side of the head and neck to the other,
no significant asymmetries were noted (Figure 1). The
lymph nodes in the head and neck area were either not pal-
pable or mobile and nontender. A basic temporomandibular
joint examination was done, and no clicking or crepitus was
noted. The patient presents a limited mouth opening with a
slight deviation of the mandible on the left side. Palpation of
the muscles of mastication may indicate that the patient suf-
fers from bruxism.

The apparent height of the lower lip vermilion is exces-
sive, and the upper lip vermilion is cupid bow-shaped. The
labial mucosa is unaltered. The buccal and vestibular muco-
sas are smooth, moist, and shiny. Hard and soft palate with
no visible abnormalities. Between fauces, there are no visible
tonsils because they have been surgically removed during
childhood. The posterior pharynx wall and the uvula are
commonly seen as lymphoid tissue. The tongue is unusually
large—macroglossia. The oral portion of the tongue is moist
and pink, with visible filiform, fungiform, and circumvallate
papillae slightly coated with dental biofilm. The floor of the
mouth appears moist and very vascular. The normal anat-
omy of the area was identified, including sublingual carun-
cles and sublingual folds. The lingual frenulum and the
inferior labial frenulum are absent. The superior labial fren-
ulum is causing a large gap between the upper two front
teeth. By observing the saliva on the floor of the mouth, we
classified the consistency of the saliva as sticky.

Anterior open bite malocclusion is visible, as is mandib-
ular prognathism (Figure 2). A generalised inflammatory
gingival enlargement is most likely a response to local irri-
tants like microbial deposits (plaque and calculus) but is
enhanced by the patient’s mouth breathing habit (Figure 3).

Noticing heavy plaque, the degree of gingivitis was
assessed using the gingival index (according to Loe and Silness
[2]), scoring “2” as moderate. During the intraoral examina-
tion, using International Caries Detection and Assessment
System II (ICDAS II), three mandibular molars and one max-
illary molar were coded “6” because of extensive decay cavities.
The maxillary left first molar was previously removed.

Dental anomalies, including root anomalies, were diag-
nosed by digital panoramic and periapical radiographs
(Figures 4 and 5). The maxillary right first and left second
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premolars most seemed to demonstrate lacerations. All
other premolars manifested root canal systems analogous
to molars with taurodontism features and supernumerary
roots. Also, root resorption of the first mandibular molars
was found.

The patient was qualified to be treated under general
anaesthesia with multiple extractions, restorations, teeth
cleaning, and tooth remineralisation. This individual should
be considered for orthodontic treatment and an eventual
tongue reduction procedure.

Dental procedures carried out under general anaesthesia
(narcosis) are performed by two teams: dental and anaesthe-
sia. The anaesthesia team was responsible for safely putting
the patient under anaesthesia by administering drugs intra-
venously, monitoring her throughout the procedure, waking
her after the surgery, and discharging her on the same day,
based on the anaesthesiologist’s judgment.

The dental team performed a dental examination. Caries
lesions in both maxillary first premolars and mandibular
right second premolar were diagnosed by only inspection
and probing and restored with glass-ionomer and composite
fillings. Debridement with an ultrasonic scaler and hand-
held instruments was performed.

Unrestorable remaining first molars and mandibular
second molars were extracted. Absorbable sutures and den-
tal collagen sponges were applied to the extraction wounds.
The extraction sites were each infiltrated with 1 ml of local
anaesthetic (articaine + epinephrine). Because the right max-
illary molar on the dental panoramic radiograph looked
close to the lowest point of the antral floor, a local buccal
flap was allowed to close the possible oroantral fistula.

Fluoride varnishes were applied, increasing the fluoride
content in the enamel and preventing caries. The operation
took 55 minutes. It was advised to take regular pain-
relieving medicine for the first 24 to 48 hours: paracetamol
and/or ibuprofen at the dosages recommended on the pack.
The patient (mental age around 10 years old) and especially
her guardians were given advice on proper oral hygiene.

Full-mouth rehabilitation under general anaesthesia in
daycare services is a safe and effective way of providing den-
tal care for people with genetic disorders such as KS.

3. Discussion

To the best of our knowledge, the case of our patient is the
second KS report described in Poland. Although dozens of
cases have been published around the world, ours is the first
to report an accurate picture of the oral health status along
with radiological documentation presenting anomalies in
the structure of the tooth roots. So far, the presented cases
have focused on the description of the outermost appear-
ance, taking into account the profile caused by midface
hypoplasia resulting in the alleged forebite. In addition, we
proposed a prophylaxis and treatment plan for patients with
KS syndrome.

For the literature review, we used the advanced search
builder in the PubMed database with the search query
“(Kleefstra syndrome) AND (dental OR facial OR orthodon-
tic OR oral)”. Out of the 32 papers selected by 28 May 2023,
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FIGURE 1: Patient’s profiles en face and side.

FIGURE 3: Intraoral photographs of maxillary and mandibular dental arches.
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F1GURE 4: Digital panoramic radiograph of the patient.

Ficure 5: Digital periapical radiographs of the patient’s premolars.

we selected 11 clinical case papers and one observational
study presenting a series of cases that presented orofacial
symptoms. Additionally, we included two eligible papers

found in Google Scholar (the first Polish case report and
the first cohort of 12 patients with subtelomeric deletions
of chromosome 9q34).

The results collected in Table 1 present 18 patients with
KS with different types of mutations (data are arranged
chronologically). Female paediatric patients predominated
among the included case reports (13 vs. 5). These case
reports came mainly from Europe and the USA, but only
one came from Asia (Iran). The authors reported most com-
monly microdeletions in the 9q34.3 region involving
EHMTI, but also mutations in other genes such as KMT2C.
The interesting observation was the familial occurrence of
this syndrome, where the proband’s mother was the mosaic
carrier of the 9q34.3 deletion.

In patients with KS, highly recognisable orofacial anom-
alies were midface hypoplasia (n=10), palpebral fissures
(n=8), hypertelorism (n=8), ear anomalies (n=38), and
tented or everted lips (n = 6). Less common were symptoms
such as protruding tongue, which occurred in a Polish 9-
year-old girl (with terminal deletion of the long arm of chro-
mosome 9 in band 9q34.3), a 3-year-old girl (with 145kb
intragenic duplication in the EHMTI gene), and a 14-
month-old boy (with 46kb 9q34.3 deletion involving the
EHMT1 gene) who also developed synophrys, reported addi-
tionally in two other patients: a 3-year-old girl (with a
microdeletion in the 9q34.3 region in the EHMTI gene)
and a 16-year-old girl (with the novel c¢.2426C>T
(p.P809L) missense variant in EHMT1I).

The study by Willemsen et al. [15] included 16 patients
(8 males/8 females) with a 9q34.3 deletion and 11 patients
(3 males/8 females) with an intragenic EHMTI mutation.
In patients with a 9q34.3 deletion, highly recognisable facial
features comprised midface hypoplasia, hypertelorism,
prominent eyebrows, prognathism, and a cupid bow or
tented upper lip and everted lower lip. Similar observations
were reported in patients with an intragenic EHMTI
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TasBLE 1: Included case reports demonstrating orofacial findings in Kleefstra syndrome.

Case report Setting Age

Mutation

Orofacial findings

Sy
Willemsen The
et al. [3] Netherlands NR

~200kb deletion in
chromosome band 9q34.3

Hypertelorism, broad and depressed bridge
of the nose, flared nostrils, mild midface
hypoplasia, and broad mouth with full lips

Hypoplastic midface, small palpebral

(proband’s Mosaic carrier of 9934.3 deletion fissures, depressed nasal bridge, and
mother) anteverted nares
Campbell 2.1 Mb deletion at 9q34.3 apizl;ltzr:clzaivfiltl}llhlls;z hdycfviiltselle?rﬁicng
et al. [4] USA >d involving 30 OMIM genes, palpebral fissures promi;lent earlobes, and
: including EHMTI and NOTCHI ; . ’
overfolded helices
Square, brachycephalic face with prominent
forehead and frontal bossing, slight midface
hypoplasia, hypertelorism with mildly
downslanting palpebral fissures, synophrys,
Schwaibold German 3 145 kb intragenic duplication in small nose with anteverted nostrils and
et al. [5] Y Y EHMTI gene deep-set nasal root, mild prognathism,
deep-set posterior rotated ears, full cheeks
and prominent philtrum; mouth held
mostly opened with cupid bowed upper lip,
full lower lip and slightly protruding tongue
Distinctive craniofacial features, coarse
4y faci d bi
acies, and strabismus
Blackburn USA Novel ¢.2426C>T (p.P809L) Mi )
et al. [6] missense variant in EHMT1 1cr0t'>rachycephaly, coarse facies, .
16y hypertelorism, synophrys, and prognathia/
midface hypoplasia
Brachycephaly, flat face, midface
hypoplasia, downslanting palpebral fissure,
22m 9q34.3 terminal deletion (2.188 Mb) convergent strabismus, short nose, high
dasi palate, tented lip, and severe generalised
gaalzs[l;]v Hungary hypotonia
' Brachymicrocephaly, flat face, midface
30m 1.211 Mb deletion in 9q hypoplasia, hypertelorism, short nose,
subtelomeric region tented lip, thick lower lip, pointed chin,
malformed ears, and mild hypotonia
Novel de novo single-base frameshift . .
ko FENTS (G GROY7, Mty s e i
et al. [8] USA 18y §:140637927_140637928dels NM_ palpebral ﬁs’sures and mild iiltermittent
’ 024757.4(EHMT1): ¢.928_929del; NP_ ’ .
079033.4: p.Arg310Aspfs*4) esotropia
. Microdeletion in the Flat face, midface hypoplasia, coarse facies,
Noruzinia . . . .
et al. [9] Iran 3y 9q34.3 region, haploinsufficiency, synophrys, upslanting palpebr.al fissures,
and LOH in EHMT1 gene and anteverted nostrils
Mildly broad forehead, synophrys, midface
hypoplasia, depressed nasal bridge, short
46 kb 9q34.3 deletion n(?se, long and flat Philtrum, tgnted upper
14m . . lip, everted lower lip, protruding tongue
involving EHMT]I (exons 24-27) - .
with open carp mouth, low-set ears with
L upturned ear lobes, and prominent
Ciaccio Ttaly antitragus
et al. [10] .
Broad forehead, widely spaced eyes,
448KD deletion in 99343 Semure,midce hypoplasn o nose
19m region involving EHMT1I and ’ ypopiasta, )

CACNAIB genes

anteverted nares, depressed nasal bridge,
low-set ears with prominent ear lobes and
thick helix, teeth small, and spaced apart
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TasLE 1: Continued.

Case report Setting Age Gender Mutation Orofacial findings
Microcephaly, hypotonia, hypertelorism,
18m M Prenatal 9q34.3 microdeletion epicanthal folds, broad nasal bridge, and
anteverted nares
Okur et al. 7m F 2.9 Mb deletion at 9q34.3 Congenital mlcrocephzlily and marked
[11] USA hypotonia
1.24 Mb deletion of 9q34.3 and (Ii-lypotf)nlta., mlldlhyé)erlttgorlsm, Slll.g?lttlly
3y F 13.24 Mb duplication of Xp22.2 ownsiantng paipebra’ esures, S1sALY
anteverted nares, and midline sublingual
translocated onto 9q34.3 .
cystic mass
Heterozygous de novo . e
"[Flozr]ga et al. USA 11y M variant ¢.2712+1G>A in Promln;nt .e}:brgg’nll(.)l‘g_set eirst,hr.nilcllfaaal
EHMTI gene retrusion, a ild prognathis
Brachycephaly, midface hypoplasia,
hypertelorism, arched eyebrows, short nose
Kukla et al Terminal deletion of the with anteverted nares, open mouth with
[13] ’ Poland 9y F long arm of chromosome 9 in fleshy everted lower lips, large tongue and
band 9q34.3 thickened ear helices, and dental
excrescences in the mandible (when she
was born)
Sanoetal. . P Novel KMI2C missense vehest, hyperelorism, and nov with
[14] Y y variant: ¢.9244C>T > YP ’

saddle bridge and bulbous tip

Legend: F, female; M, male; USA, the United States of America; NR, not reported.

mutation. In turn, eye anomalies were reported in 3 patients:
10- and 18-year-old boys with a 9q34.3 deletion and a 9-
year-old girl with an intragenic EHMTI mutation. Also, only
two patients demonstrated tooth anomalies: an 11-year-old
girl with 9q34.3 deletion and a 2-year-old boy with an intra-
genic EHMT1 mutation.

Moreover, Stewart et al. [16] described 19 patients with
submicroscopic subtelomeric deletions of the long arm of
chromosome 9: 12 own patients (5 males/7 females) and 7
patients previously reported (all males). In cytogenetic find-
ings, the vast majority was .ish del(9)(qtel-), especially in
males.

Among craniofacial abnormalities, microcephaly domi-
nated (16/19 patients), and brachycephaly cooccurred in
only 8/17. Other facial changes included frontal bossing,
midface hypoplasia, and coarse facies. In turn, ear and eye
muscle changes were not widespread among these patients.
Nasal defects, such as a short nose, anteverted nares, and
broad nasal root, as well as synophrys, were present in more
than half of the respondents, which makes them the most
common facial defects in patients with subtelomeric dele-
tions of chromosome 9q. Among the ear defects, low-set ears
(5/19) dominated next to overfolded helices (4/19).

Also, mouth changes were seen in most patients and
included a thin or tented upper lip (12/19). A large protrud-
ing tongue was observed in 7 patients. In contrast, wide
mouth only occurs in 4 patients. High arched palate was
reported in both patients with del(9)(q34.3) and two patients
with .ish del(9)(qtel-) (4/19)—male gender predilection
dominated here (3:1). In addition to the defects previously
described, some male patients presented prognathism, facial

asymmetry, and widely spaced teeth. Interestingly, the rare
finding of neonatal teeth was observed in three patients with
cytogenetically visible deletions, as was emphasised in the
individual with the largest deletion in this cohort.

4. Conclusions

In this case of Kleefstra syndrome, multidisciplinary cooper-
ation, as well as frequent dental check-ups with fluoride pro-
phylaxis, is recommended. Unfortunately, dental treatment
is still not an integral part of taking care of disabled children
and youth with rare diseases.

Data Availability

Data are available on request from the corresponding
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